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Immunological aspects of acute ureteral obstruction: Immune cell
infiltrate in the kidney. Kidneys from rats subjected to bilateral ureteral
obstruction (BUO), unilateral ureteral obstruction (UUO) and UUO
with subsequent release were analyzed for leukocyte infiltration. A
time-dependent influx of leukocytes, predominantly macrophages and
suppressor T lymphocytes, occurred in both the cortex and medulla
following obstruction, and disappeared with release of the obstruction.
Glomerular macrophages declined following obstruction but increased
to levels above control following release. The influx of leukocytes
following obstruction was paralleled by an increase in thromboxane B2
excretion by the kidney and coincided with a decrease in glomerular
filtration rate (GFR). This would suggest that an influx of immune cells
is a prominent feature of the acute renal response to ureteral obstruc-
tion, These cells may modulate some of the post-obstructive alterations
in renal function via the production of vasoactive substances, such as
thromboxane A2.
Acute ureteral obstruction is followed by a complex sequence
of alterations in renal function whose mechanisms remain
incompletely defined. Glomerular filtration rate declines imme-
diately after the onset of obstruction [1]. Renal blood flow
increases initially and then, after two to three hours, begins to
diminish, declining to 40 to 70% of normal values by 24 hours
[1, 2]. Tubular reabsorption of sodium and water is impaired on
a sustained basis, even after the release of obstruction [31.
Renal hemodynamic dysfunction has been attributed, in part, to
augmented production of thromboxane A2, a vasoconstrictor
[4, 5] and/or to activation of the renin-angiotensin system [5, 61
within the obstructed kidney.
More than ten years ago, chronic renal obstruction in rabbits
was found to be associated with a proliferation of interstitial
fibroblasts and an infiltration of mononuclear cells [7, 81. More
recently this has been linked to the increase in prostaglandin E2
production by the chronically hydronephrotic rabbit kidney [9]
and it has been postulated that the infiltration of the renal
parenchym by mononuclear cells may affect the augmented
release of thromboxane A2 and prostaglandin E2 in response to
bradykinin [l0 or endotoxin [111. The leukocyte infiltrate in
these lesions was not characterized. In addition, the studies
utilized kidneys that had been obstructed three to ten days or
Received for publication December 4, 1987
and in revised form May 24, 1988
© 1988 by the International Society of Nephrology
487
longer with severe structural damage, histological evidence of
fibrosis, and irreversible loss of function.
We have studied the initial phases of cell infiltration in a
model of acute and reversible ureteral obstruction in which
there is no necrosis and in which renal functional abnormalities
are transient [2]. We have observed that a leukocyte infi/ux is
one of the earliest responses of the kidney to ureteral obstruc-
tion, an influx whose kinetics corresponds closely to changes in
renal hemodynamics. Specific leukocyte subsets participate in
the acute, obstructive influx with unique patterns in localization
to glomeruli, cortical interstitium, and medulla.
Methods
Animals
Lewis or Sprague-Dawley rats were obtained from Harlan
Sprague-Dawley (Indianapolis, Indiana, USA). Rats were at
least three months old and weighed at least 200 grams prior to
ureteral ligation. Rats were fed a normal rat chow (22% protein,
Ralston Purina, St. Louis, Missouri, USA). Outbred Sprague-
Dawley rats were utilized for the initial experiments of Figure 1
and Table 1. The Lewis strain was selected for functional
studies and immune cell subtyping to ensure standardization. In
parallel studies, the responses of the Sprague-Dawley and
Lewis strain rats were comparable. All rats were male.
Leukocyte labeling studies
Chemicals, Type 2 collagenase was obtained from Worthing-
ton Chemicals (Freehold, New Jersey, USA); DNA-ase and
soybean trypsin inhibitor from Sigma Chemical Corporation
(St. Louis, Missouri, USA).
Antisera. The following antisera were employed for subset
labeling:
a) Mouse monoclonal anti-rat leukocyte common antigen
(clone OX1), whose specificity has been detailed [12];
b) Mouse monoclonal anti-rat T lymphocyte (clone OXl9);
Accurate Chemicals, New York, USA);
c) Mouse monoclonal anti-rat T lymphocyte, suppressor subset
(clone 0X8; Accurate Chemicals);
d) Mouse monoclonal anti-rat T helper lymphocyte (clone
0X22; Accurate Chemicals);
e) Polyvalent rabbit anti-rat macrophage antiserum absorbed
against other leukocytes (Accurate Chemicals);
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1) Fluorescein conjugated rabbit anti-mouse immunoglobulin,
whose preparation has been previously detailed [13].
Experimental groups. There were three principal experimen-
tal groups. Group I was subjected to unilateral ureteral obstruc-
tion. The rats were anesthetized lightly with ether and the left
ureter was ligated at the junction of the lower 1/3 and upper 2/3
through a small midline incision. The wound was sutured and
the animals were returned to their cages. At timed intervals, the
animals were sacrificed and both the obstructed and non-
obstructed kidneys were harvested for mononuclear cell enu-
meration. For obstruction less than 24 hours duration, food but
not water was withheld until the time of the study. In those rats
with obstruction exceeding 24 hours, food was withheld for the
24 hours preceeding the study.
Group II underwent bilateral ureteral obstruction using the
same procedure as for Group I, except both ureters were
ligated, and now both water and food were withheld. At timed
intervals up to 24 hours (4, 12, 24 hr), both kidneys were
harvested and analyzed for leukocyte infiltration. Kidneys
which had been obstructed for 24 hours were also analyzed with
respect to immune cell subsets.
In a third group of animals, reversible ureteral obstruction
was achieved by tying a ligature over a piece of bisected
polyethylene tubing (PE-50), 5 mm in length, which had been
passed around the ureter. In this way, the ureter could be
subsequently released by removing the polyethylene tubing
without causing ureteral damage. The post-obstructed kidney
and the "normal" contralateral kidney were subsequently
processed for immune cell analysis as described below at
various times following relief of obstruction.
Labeling of the kidney for immune cell subsets. Glomeruli
were labeled for cells expressing leukocyte antigens using a
protocol modified from that previously published [14]. The
kidneys were perfused with phosphate buffered saline (PBS), at
37°C, to which was added papaverine at a concentration of 100
uglml. This was effective in thoroughly perfusing the obstructed
kidney and thus eliminating the contribution of circulating
leukocytes to the enumeration of the cells in the glomerulus and
the interstitium. The cortex was dissected from the medulla and
passed through sieves of graded sizes, as previously described
[141. This resulted in a preparation of 93 to 97% glomeruli. The
glomeruli were then placed in a digestion medium consisting of
Hank's Balanced Salt Solution (HBSS), containing 1% Hepes
Buffer, Type 2 collagenase (500 g/ml), DNA-ase (0.01 mg/mI),
and soybean trypsin inhibitor (1 mg/mI). The glomeruli were
rotated in this mixture at room temperature for 30 minutes,
washed twice and then placed in one of the primary antibody
preparations described above to label cells bearing macrophage
or lymphocyte antigens. Primary antibodies were diluted in
PBS to a concentration of 50 /LgIml. Five thousand glomeruli
were suspended in 350 ul of antibody solution. After 20 minutes
at 4°C, the glomeruli were washed once, placed in PBS for 10
minutes to permit unbound antibody to diffuse out of the
glomerulus, washed again and placed in a solution of secondary
antibody. Secondary antibodies were FITC conjugates, di-
rected at the appropriate specificity, at a concentration of 100
g/ml in PBS. No labeling was observed with control primary
antibody lacking the designated specificities or with secondary
antibody exposure only. After washing, the glomeruli were
fixed in 2% paraformaldehyde in PBS. The labeled cell content
of isolated glomeruli was evaluated by microscopic examination
with a Zeiss universal microscope. Cells were quantified by
focusing through the glomeruli and counting cells as they
appeared in the plane of focus. In all experiments 50 to 100
glomeruli were counted and their results expressed as means
plus or minus standard errors. This technique has previously
been shown to render intact glomeruli permeable to antibody,
allowing in situ cells to be labeled [14]. Because exposure to the
enzymes is limited, overall glomerular architecture is not dis-
turbed, permitting accurate evaluation of the leukocyte content
of glomeruli on a per glomerulus basis.
Interstitial cells of the cortex and medulla were labeled in
kidneys which had been similarly perfused in vivo. A portion of
dissected cortex or dissected medulla was minced through
sieves with pore size of first, 500 microns, and then second, 250
microns. The sieve-minced tissue was then placed in tubes,
washed, and the sediment weighed. All cell counts were nor-
malized to the weight of the tissue yielding the cells. The
interstitial tissues were then placed in the same digestion
medium described above for 30 minutes at room temperature on
a mechanical rotator. The digested material was washed twice
in PBS containing 2% fetal calf serum and then placed in PBS
containing 1 mM EDTA for 10 minutes. The material, which
consisted of insoluble basement membrane and cell fragments,
was then washed once in PBS and allowed to settle for one
minute. The supernatant consisted of epithelial cells, leuko-
cytes, and other components of the renal interstitium as single
cells or cells in small clumps. Intact glomenili are also obtained
in the supernatant, as glomeruli are not digested by this
protocol; leukocytes contained in those glomeruli were ex-
eluded from the count of interstitial leukocytes, as they were
recorded separately. Although some fragments of partially
digested tubules settle to the bottom of the tube in the sedimen-
tation step described above, labeling of the sediment for leuko-
cytes revealed that greater than 95% of the leukocytes in the
total interstitial cell population were released by the enzymatic
treatment described above and appeared in the supernatants.
The single cell suspension was subsequently stained for leuko-
cyte antigens, employing the antisera described above, fol-
lowed by FITC-labeled secondary antibody. Leukocytes were
counted initially as a percentage of the total interstitial cell
population, but because of concerns that obstructed interstitial
cells, particularly epithelium, might be more susceptible to
injury induced by the digestion medium, we elected to express
the leukocyte content of these tissues per gram wet weight.
Since post-obstructed kidneys weigh more due to an increase in
extracellular fluid, the increase in leukocyte numbers reported
here understate the true influx of leukocytes. Thus, except
where noted, results are expressed as cell number per gram of
tissue. Results are expressed as mean standard error of the
mean.
Immunoperoxidase labelling of renal tissue. Frozen sections
(6 p.m) of kidneys harvested from control and animals with 24
hours of bilateral ureteral obstruction were fixed in chilled (4°C)
acetone for 10 minutes and air-dried. Endogenous peroxidase
activity was inhibited by immersion for 10 minutes in a solution
consisting of 40 parts methanol, 9 parts H20, and 1 part H,02
(30%). Endogenous biotin activity was inhibited by sequential
30 minute exposures to Avidin D and biotin blocking solutions
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Fig. 1. The T lymphocyte (upper panel) and macrophage (lower panel)
population, expressed as io cells per gram of tissue, in the obstructed
(P4) kidneys of pairs of rats at timed intervals after the initiation of
unilateral obstruction. Control () values represent normal kidneys(N = 6) from non-obstructed littermates. Results are expressed as
mean SE.
(Vector Laboratories, Burlingame, California, USA). The sec-
tions were then placed in rabbit serum blocking solution
(Zymed Laboratories, San Francisco, California, USA), fol-
lowed by anti-LC antibody (diluted 1:10 in PBS containing 3.5%
bovine serum albumin) for 30 minutes. After washing, biotinyl-
ated rabbit anti-rat IgG (Vector Laboratories) affinity purified
and adsorbed against mouse IgG, was added for 15 minutes.
After washing, the slides were sequentially exposed to
streptavidin-peroxidase followed by aminoethyl carbazole and
hydrogen peroxide, as supplied by Zymed Laboratories. The
sections were counterstained with hematoxylin and mounted
under coverslips.
Functional studies
Twenty-five male Lewis rats were used in this study. They
were subjected to bilateral ureteral obstruction as outlined
above, or in the case of controls, a sham laparotomy with
manipulation of the ureters only. After 4, 12, or 24 hours of
obstruction, the rats were prepared for clearance studies as
previously described [15]. Briefly, tail vein and femoral artery
catheters were inserted and the ureter was cannulated above
the tie on one side to effect unilateral release of the obstruction.
(In the case of the sham operated controls, a single unobstruct-
ed ureter was cannulated.) The rats were secured in plastic
holders and after two hours of recovery stjdied in the awake
state. Priming and sustaining infusions of chemical inulin de-
signed to maintain plasma concentrations of inulin between 70
and 150 mg/dl were started one hour prior to study. Two
30-minute urine collections were made with blood sampling at
the beginning, midpoint and end of each collection period to
allow inulin clearance to be calculated. A sample of urine was
stored at —70°C for subsequent analysis for thromboxane B2
(the stable metabolite of thromboxane A2). If the urine was
bloody, it was not used for thromboxane analysis.
Analytic. Inulin was measured in blood and plasma using the
method of FUhr, Kaczmarczyk and Kruttgen [161. Urinary
thromboxane B2 was measured in duplicate using a radioimmu-
noassay as previously described [17].
Statistics. For each rat, the average of the two collection
periods was used. Results are expressed as mean standard
error of the mean and comparison between the groups made by
means of unpaired Student's t-test. A P value <0.05 was
considered significant.
Results
Entire perfused kidneys of rats paired in groups of two were
harvested at timed intervals after the initiation of unilateral
ureteral obstruction. The interstitium was then labeled for the
presence of cells expressing leukocyte antigens. As shown in
Figure 1, an increase in the interstitial content of macrophages
and T cells was apparent four hours post-obstruction. After
rising rapidly in the first 24 hours, the leukocyte influx stabilized
at a level approximately 10-fold higher than normal. No B
lymphocytes or polymorphonuclear leukocytes were observed
at any time. We compared leukocyte infiltration in unilateral
obstructed kidneys to that observed in bilateral obstructed
kidneys at the time of maximum infiltration. As shown in Table
1, leukocyte infiltration in the two models was comparable.
Employing the bilateral model of renal obstruction, the
kinetics and localization of the obstructed infiltrate was deter-
mined at 4, 12 and 24 hours after obstruction in groups of three
rats per point. An increase in cells expressing the leukocyte
common antigen was apparent in both cortex and medulla as
early as four hours (Fig. 2). The infiltrate appeared to plateau at
12 hours in the cortex, but increased up to 24 hours in the
medulla. On a per weight basis, the cortex experienced a
somewhat greater infiltrate than did the medulla. Histological
analysis of the acutely obstructed kidney revealed a small,
non-destructive mononuclear cell infiltrate. There were no
neutrophils. Immunohistochemical labeling of the leukocytes
revealed a very distinctive peritubular ring pattern with prefer-
ential localization around distal epitlielium (Fig. 3).
To evaluate a possible correlation between the mononuclear
cell infiltrate of acute ureteral obstruction and kidney function,
we measured inulin clearances and thromboxane production
after unilateral release of obstruction in groups of rats with
bilateral ureteral obstruction evaluated over the same time
course described above. As shown in Figure 4, inulin clearance
was significantly diminished after four hours of obstruction and
maximally depressed at 12 hours, after which no further decline
occurred. Urinary thromboxane excretion, presented in Figure
5, increased in parallel to the leukocyte infiltrate, with a
maximum excretion at 12 to 24 hours. This association was
maintained when thromboxane excretion was expressed in
absolute terms or normalized per ml of glomerular filtration
rate.
Further delineation of the leukocyte subsets of the obstruc-
tion-induced infiltrate was carried out at 24 hours, the time of
maximum infiltration. The results of three experiments, utiliz-
ing duplicate animals in each experiment are presented in Table
2. A small population of macrophages was noted in the cortex of
control unobstructed rats. Post-obstruction, there was a 15-fold
increase. Thus, macrophages appear to constitute the predom-
inant cell population in the acutely obstructed kidney. Increases
in both a suppressor cell and helper cell subpopulation of T
lymphocytes became apparent after 24 hours of obstruction.
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Control 3.6 Bilateral obstruction 24.0
no obstruction
Control 3.2 Unilateral obstruction 26.2
unilateral obstruction
Pairs of rats underwent bilateral or unilateral ureteral obstruction for
24 hours. A cross section of each kidney was then digested and the cells
expressing the leukocyte common antigen enumerated. The results
represent the average counts of two kidneys from duplicate rats.
Control kidneys were taken from littermates undergoing no procedure
or from the contralateral, non-obstructed kidney in the model of
unilateral obstruction.
Control 4
Time post-obstruction, hours
Fig. 2. The effect of bilateral ureteral obstruction on the number of
cells expressing the leukocyte common antigen in kidneys at timed
intervals after obstruction. The results represent the mean 5E of
single kidneys of three rats. Representative portions of cortex and
medulla were dissected out, weighed, and subjected to enzymatic
digestion and labeled. The control kidneys were taken from littermates
that did not undergo any procedure.
However, there was a preferential infiltration of T suppressor
lymphocytes when compared to T helper cells. B lymphocytes
were not seen either in control or in obstructed kidneys. The
same cell types predominated in the medulla with an approxi-
mately 15-fold increase in macrophages following obstruction.
The number of medullary macrophages in both control and
obstructed kidneys were lower than that observed in the cortex.
A preferential infiltration of T lymphocytes of the suppressor
cell subset was also observed, although the difference was less
marked than that seen in the cortex. Neither B lymphocytes nor
neutrophils were observed in the medulla.
We next examined the representation of the resident mesan-
gial macrophages in glomeruli taken from normal animals with
unobstructed kidneys, and from obstructed and contralateral
control kidneys of rats with unilateral ureteral obstruction of 24
hours duration. As shown in Figure 6, compared to both control
M T T5 B
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3.2
48.5
0.4
10.8 2.4
0
0.7
0
11.0 2.2
0
0
Medulla
Control
Obstructed
0.5
8.9
0.1
1.8 1.0
0
0.7
0
3.9 1.0
0
0
Duplicate rats underwent 24 hours of bilateral ureteral obstruction.
After sacrifice, portions of cortex and medulla were dissected free,
enzymatically digested and labeled for cells expressing antigen markers
characteristic of macrophages (M), T lymphocytes of the helper subset
(TH), T lymphocytes of the suppressor subset (T5), and B lymphocytes
(B). Each point represents the mean 5E of 3 groups of paired rats,
totalling 6 kidneys per point.
kidneys and the paired contralateral non-obstructed kidney,
glomeruli from the obstructed kidneys of animals with unilateral
ureteral obstruction showed a significant depletion of resident
macrophages 24 hours after the onset of obstruction, a time of
increasing macrophage migration into the interstitium.
Because of the apparent close correlation between the onset
of ureteral obstruction, the appearance of macrophages and T
lymphocytes in the cortex and medulla and the functional
changes in the kidney, we examined the effect of releasing
obstruction on the leukocyte content of both regions of the
kidney. The unilateral obstruction model was used in order to
utilize the paired, contralateral, unobstructed kidney as a
control. Leukocytes in the obstructed kidney were quantitated
at the time of release of 24 hours of obstruction (day 1), and at
two days and at six days after the release of obstruction (days
3 and 7, respectively) and compared to the leukocyte content of
the contralateral unobstructed kidney in the same animal. The
infiltrating patterns of macrophages and T lymphocytes in the
cortex are compared in Figure 7. Two days after the release of
obstruction (day 3), the macrophage content of the cortical
interstitium appeared to increase modestly, and then to decline
to near normal levels by six days after the release of obstruction
(day 7). In contrast, the T lymphocytes in the cortex rapidly
diminished as soon as the obstruction was released to less than
20% of their obstructed values at two days after release of
obstruction, with a further small decrement noted four days
later. Of potential interest is the fact that a small increase in
both cell populations was noted as long as a week after the
release of obstruction.
In the medulla, the macrophage population declined promptly
after the release of obstruction, as did the T lymphocytes (Fig.
8). As was seen in the cortex, the leukocyte infiltrate was
largely reversible after the release of obstruction, but a detect-
able increment in both macrophages and T lymphocytes was
measurable as late as six days after the obstructive event. In
contrast, two days after the release of obstruction, the number
of glomerular macrophages had increased to slightly above that
seen in control glomeruli (Fig. 9). Moreover, glomerular mac-
rophages continue to accumulate to greater than double the
normal amount seen in the contralateral kidney six days after
the release of obstruction. This was associated with a modest
increase in glomerular T lymphocytes over the same time
course.
Table 1. Renal leukocyte content (10' cells/g tissue) Table 2. Immune cell subsets in acute renal obstruction (10' cells/g
tissue)
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Fig. 3. Renal peritubular localization of cells positively labeled for leukocyte antigen after 24 hours of acute ureteral obstruction. A. Cortical distal
tubule, x600. B. Medulla, x600.
Time post-obstruction, hours
Fig. 4. maIm clearance in groups of rats at timed intervals after the
initiation of bilateral ureteral obstruction. Controls values were ob-
tained from one kidney of sham-operated rats. Results are expressed as
mean SE. N = 6 at all time points except 12 hr where N = 7.
Discussion
These observations indicate that an immune cell infiltrate
comprises one of the earliest renal responses to acute ureteral
obstruction. Although the infiltrate is observed within four
hours, peak response appears to occur at 12 hours, after which
a plateau is observed. The leukocytes do not compose a
destructive infiltrate. Instead they appear to form distinctive
rings around the tubules, particularly distal tubules. In normal
unobstructed kidneys, both glomeruli and cortex are character-
ized by the presence of small numbers of resident leukocytes
that are predominantly macrophages. The normal medulla is
almost completely devoid of resident leukocytes, presumably
secondary to the hypertonic environment. In obstruction, how-
ever, the medulla is also invaded by mononuclear cells to an
extent comparable to that of the cortex. Unexpectedly, the
leukocyte invasion of the interstitium in the obstructed kidney
is associated with a relative depletion of resident leukocytes
P< 0.005 NS NS
I II II
P = <0.001 P< 0.001 NS
I II II
Fig. 5. Urinary thromboxane excretion in rats at timed intervals after
acute ureteral obstruction. The upper panel presents the thromboxane
B2 excretion rate per group; the lower panel normalizes thromboxane
excretion to the inulin clearance. This is the same group of rats studied
in Figure 4, with the results expressed as mean SE. N = 6 at all time
points except control where N = 5.
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from the glomeruli. Although we have no information as to the
destination of the glomerular leukocytes, which are resident
mesangial macrophages [14], one possibility is that they are
induced to migrate from the glomerulus to the interstitium vi
the mesangial stalk in response to signals from the obstructed
interstitium. A similar migration has recently been observed in
a model of lupus nephritis [18].
The mononuclear cell infiltrate consists predominantly of
macrophages. The second major leukocyte population consists
—
— B
Og%
r U.4, C S
0
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Fig. 6. Content of resident macrophages in glomeruli isolated from
kidneys with no obstruction (control), unilaterally obstructed kidneys
(obstructed, UUO), and the paired, contralateral, non-obstructed
kidney (control, UUO). Results represent the mean counts SE of 50
glomeruli from duplicate kidneys. The duration of the unilateral ob-
struction was 24 hours.
Days
Fig. 7. The number of macrophages and T lymphocytes in the cortex
after acute obstrnction followed by release of the obstruction. Pairs of
rats were sacrificed after 24 hours of obstruction, and at 2 days and 6
days after release of the obstruction. The control measurements at day
owere obtained from kidneys of littermates. The T cell label is the pan
T cell marker, OX 19. Symbols are: (0) Mw; (•) T cells; (0) duration
of obstruction.
of T lymphocytes of the cytotoxic, suppressor cell subclass.
Some degree of selectivity is implied in the observation that T
lymphocytes of the helper type do not form a significant
component of the infiltrating cells, despite the fact that they
predominate in the peripheral circulation 1191. B lymphocytes
do not appear to play a role in the phenomenon. The inference
that the renal infiltrate of acute ureteral obstruction is not
destructive is supported by the absence of neutrophils in this
lesion.
The infiltration is slowly reversible, requiring several days
after the release of obstruction to revert to near normal levels.
An interesting exception lies in the data on glomerular
repopulation with resident macrophages. After release of the
obstruction, glomerular macrophages accumulate to a level
significantly increased when compared to control glomeruli.
Days
Fig. 8. The number of macrophages and T lymphocytes in the medulla
after 24 hours of ureteral obstruction (0) followed by release of the
obstruction. This is the same group studied in Figure 7. Symbols are:
(0) Mw; (•) T cells.
U)
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Time post-obstruction release, days
Fig. 9. The glomerular content of macrophages and T lymphocytes
after ureteral obstruction followed by release of the obstruction. The
results reflect the mean se of 50 glomeruli counted per kidney of
duplicate rates sacrificed after 24 hours of obstruction and at 2 days and
6 days after the release of the obstruction. The mean number of cells
se of the contralateral control kidney after 24 hours of obstruction is
represented by the gray band.
The increase is comparable to the degree of macrophage
infiltration observed in a model of moderate glomerulonephritis
induced by nephrotoxic serum 1201. It is interesting to speculate
that this post-obstructive macrophage infiltration may consti-
tute one of the explanations for the loss of functional glomeruli
previously observed in the post-obstructed kidney of the rat
[2lj. This question is currently under investigation. Whether
the mild increase in glomerular lymphocytes occurring at this
time functionally contributes to the evolution of a glomerular
lesion is unknown.
The kinetics of the macrophage and leukocyte invasion
temporally correlates with the decline in glomerular filtration.
Our study confirms that glomerular filtration declines following
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ureteric obstruction. This has previously been shown to be due
to a net decrease in the transglomerular pressure and a decrease
in Kf, the glomerular ultrafiltration coefficient [1, 22].
Following ureteral obstruction, there is an initial prostaglan-
din-dependent increase in renal blood flow [1, 2, 23], which
declines after four hours (at the time when the leukocyte
infiltrate is becoming prominent) to reach 40 to 70% of normal
values by 24 hours, due to progressive renal vasoconstriction.
The mechanism responsible for the second phase of progressive
vasoconstriction appears in part to be an augmented production
of thromboxane A2. The chronically-obstructed rabbit kidney
displays an enhanced ability to metabolize arachidonic acid
[10], and thromboxane synthetase activity is increased [4].
Thromboxane A2 also causes a reduction in Kf [241. Inhibition
of thromboxane synthetase dramatically improves post-obstruc-
tive renal hemodynamics and reverses the renal vasoconstric-
tion of acute ureteral obstruction [5, 15], and increases K [15].
The observation in the current study that thromboxane excre-
tion increases with time following obstruction as renal function
is declining is consistent with its contributing role in the
pathophysiology of obstructive nephropathy.
The close temporal relationship between the macrophage
infiltrate, the increase in thromboxane production, and the
decline in renal function is consistent with, but does not prove,
a causal relation in acute obstruction. Nonetheless, macro-
phages are a potent source of thromboxane [25].
In summary, this study would suggest that ureteral obstruc-
tion is associated with the release of a factor or factors that
acutely induce macrophages and lymphocytes to infiltrate the
kidney. The leukocytes may promote, or directly contribute to,
a locally enhanced production of thromboxane A2. These
vasoactive substances may contribute to the alterations in renal
hemodynamics that are seen following ureteral obstruction.
Whether other substances or factors released by macrophages
modulate epithelial cell function remains to be determined.
What contribution, if any, the accompanying suppressor lym-
phocytes in this lesion make to the renal response to obstruc-
tion requires further characterization. Finally, the nature of the
stimulus coupling obstruction of the urinary tract to the
leukocyte infiltration remains completely unknown.
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